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CONVERSION FACTORS

For use of readers who prefer to use metric units, conversion 
factors for terms used in this report are listed below:

Multiply inch-pound unit

inch (in) 

foot (ft) 

mile (mi) 

nautical mile (nmi)

by

Length

25.40 

0.3048 

1.609 

1.852

To obtain SI unit

millimeter (mm) 

meter (m) 

kilometer (km) 

kilometer (km)

gallon (gal) 
cubic foot (ft 3 )

Volume

3.785
0.02832

liter (L)
cubic meter (mj )

cubic foot per second
(ft 3/s) 

million gallons per day
(Mgal/d)

degree Fahrenheit (F°C)

Flow

  0.02832 

0.04381

Temperature

°C = 5/9 (°F -32)

cubic meter per second
(m 3/s)
cubic meter per second
(m 3/s)

degree Celsius (C°)

- m -



WATER QUALITY OF THE TIDAL POTOMAC RIVER AND ESTUARY HYDROLOGIC DATA
REPORTS, SUPPLEMENT 1979 THROUGH 1981 WATER YEARS

by Richard H. Coupe Jr. and Wayne E. Webb

ABSTRACT

This report is a companion report to the U.S. Geological Survey 1979, 
1980, and 1981 Hydrologic Data Reports of the tidal Potomac River and 
Estuary. The information included in this report contains values of bio 
chemical oxygen demand and specific-rate constants, incident-light and 
light-attenuation measurements; numbers of phytoplankton, fecal coliform 
and fecal streptococci ; cross-sectional averages from field measurements of 
dissolved oxygen, pH, specific conductance, and temperature data; and cross 
sectional averages of chlorophyll data. Sewage-treatment plant loads are 
also included.



INTRODUCTION

The U.S. Geological Survey has conducted an interdisciplinary study of 
the tidal Potomac River and Estuary. This study blended research with RQA 
(river-quality assessment) in the study of an estuarine environment. The 
overall goal was to understand the major aspects of hydrodynamic, chemical, 
and biological processes and their interaction in a tidal river-estuarine 
system.

The first field efforts of the PES (Potomac Estuary Study) were in August 
1977 (Smith and Herndon, 1979), and in January, April, and August 1978 (Smith 
and Herndon, 1980a, 1980b, 1980c). The fieldwork and the research of Glenn 
(1978) provided sufficient information to other investigators to select five 
major stations at which the transport of dissolved and suspended materials 
would be examined in detail. This report presents data collected during the 
1979, 1980 and 1981 water years at these five major stations, at 21 inter 
vening stations, and at three stations near the mouth of the Potomac River in 
Chesapeake Bay.

The tidal Potomac River and its estuary can be divided into three dis 
tinctly different hydrodynamic zones (fig. 1). The tidal river zone contains 
fresh water and is strongly influenced by river flow but also experiences 
tides and their associated cyclical reversals of flow. The transition zone 
contains fresh and saline waters that are influenced by riverine and tidal 
flows. The estuarine zone contains saline water that is strongly influenced 
by tidal flow.

Sampling stations and their respective hydrodynamic zone are listed 
in the following tabulation. Locations of the stations are shown in figures 
2, 3, and 4. River distances, in kilometers, are measured upstream from the 
center of a line drawn between Smith Point and Point Lookout at the mouth of 
the river, which is kilometer 0.

Station 
number

Station 
name

Major stations

River Date 
distance (km) activated

Zone

01646580 Potomac River at 
Chain Bridge at 
Washington, D.C.

01652590 Potomac River at 
Alexandria, Va.

01658710 Potomac River at 
Quantico, Va.

01660800 Potomac River near 
Morgantown, Md.

01661475 Potomac River at 
Piney Point, Md.

187.2

168.0

125.6

80.4

29.8

December, 1977

October, 1978 

October, 1978 

February, 1979 

July, 1979

Riverine - tidal 
river boundary

Tidal river

Tidal river - 
transition boundary

Transition - 
estuarine boundary

Estuarine
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76»30'

38»30'  

WASH. \ 
Chain Bridge / D.C.

W- >odrow Wilson Bridge 
Tidal River Zone

MARYLAND

US Highway 
301 Bridge

Morgantown

VIRGINIA

Estuarine Zone

Figure 1.-- The Tidal Potomac River and Estury.
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Memorial Bridge 
14th Street Bridge

V Water-quality monitor

Figure 2.-- Tidal river zone showing major sampling 
stations (wide lines) and intervening 
sampling stations (narrow lines).
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77"! 5'

38°30'   

Figure 3.-- Transition zone showing major sampling 
stations (wide lines) and intervening 
sampling stations (narrow lines).
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Magnitudes of BOD (Biochemical Oxygen Demand), incident light, light 
attenuation, phytoplankton counts, fecal coliform, and fecal streptococci 
for each sampling station (major and intervening) are listed in downstream 
order in Appendix A. Cross-sectional averages of DO (dissolved oxygen), 
pH, conductivity, temperature, incident light, light attenuation, and chloro 
phyll data at each sampling station are listed in Appendix B.

Samples were collected at least once weekly at each of the five major 
stations and intermittently during the 1979 water year at Potomac River near 
Morgantown, Md. and Potomac River at Piney Point, Md. Samples were collected 
for selected tidal conditions such as during periods of maximum flood velocity, 
maximum ebb velocity, high slack water, or low slack water. During periods 
of greatly increased river discharge, the tidal sequence of sampling was 
discontinued in favor of sampling several times daily. Tidal currents and 
tidal stages for specific sampling times were obtained from the National 
Ocean Survey's Tidal Current Tables and Tide Tables (1977a,b; 1978a,b; 1979a,b; 
1980a,b). Relevant parts of these tables are reproduced in the 1979, 1980, and 
1981 Hydrologic Data Reports (Blanchard and Hahl, 1981; Blanchard and others, 
1982; Blanchard and Coupe, 1982). The predicted tides do not always agree 
with actual conditions. Tidal stages were measured at the following Survey 
stations on the Potomac River:

Station number 

01647600

01652590

01655480

01658710

01660800

01661475

01 661 590

Station name

Potomac River at Wisconsin Ave., 
Washington, D.C.

Potomac River at Alexandria, Va.

Potomac River at Indian Head, Md.

Potomac River at Quantico, Va.

Potomac River near Morgantown, Md.

Potomac River at Piney Point, Md.

Potomac River at Pt. Lookout, Md.

Date activated 

April, 1935

February, 1979 

January, 1979 

April, 1979 

January, 1979 

August, 1979 

January, 1979

Tidal-stage data for these stations can be obtained through the PES Hydro 
dynamics Group (R. W. Schaffranek, U.S. Geological Survey, Reston, Va., Oral 
commun., July 1982).

In addition to samples collected on a regular basis, a few sets of sam 
ples were collected at the major stations to compare point, depth-integrated, 
and composite samples. At intervening stations, the nature and frequency of 
sampling was determined by the demands of various research efforts.
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In addition to the sampling program outlined above, three water-quality 
monitors and two pyranometers were in operation. The water-quality monitors 
were at Potomac River at Chain Bridge at Washington, D.C., Potomac River at 
Indian Head, Md., and Potomac River at Piney Point, Md. These monitors pro 
vided continuous records of dissolved oxygen, specific conductance, pH, and 
temperature at one point in the cross section. Data from these monitors are 
reported in the annual report series Water Resources Data for Maryland and 
Delaware (U.S. Geological Survey, 1980, 1981, 1982). The pyranometers were 
operated at Potomac River at Alexandria, Va., and Potomac River at Indian Head, 
Md. EppleyJ_/ pryanometers (Model PSP) were mounted on roof tops that were 
free from surrounding obstacles. Data from the pyranometers were integrated 
to obtain total daily radiation and are reported in the 1979, 1980, and 
1981 Hydrologic Data reports, by Blanchard and Hahl (1981), Blanchard and 
others (1982), and Blanchard and Coupe (1982).

METHODS OF SAMPLE COLLECTION

To be truly representative, abater sample must represent all the water 
and material passing through a cross section at the time of sampling. Such a 
sample is obtained by considering the distribution of the suspended material 
and dissolved constituents at the sampling site and by designing the sampling 
scheme to provide representative samples at all depths and from bank to bank.

Tidal rivers and estuaries present special problems in terms of obtaining 
representative samples. Tidally driven flow reversals create continually chang 
ing velocity profiles and may create stratification and opposing velocities; 
this compounds the problems of sample collection. Changes in riverine flow and 
oceanic tides are superimposed on the semi-diurnal tide of the Potomac River. 
The result of these changes is that longitudinal mixing is not complete. Thus, 
sampling needs to be both rapid, from bank to bank and top to bottom, and 
repetitive to integrate the effects of the various pulses. To satisfy these 
requirements and to obtain spatially representative samples, two approaches 
were taken. (1) At cross sections where one vertical was determined to be 
representative of the entire cross section, that vertical was used for sample 
collection at that site. (2) At cross sections where one vertical was not 
representative, the sample was composited from two or more verticals using a 
churn splitter.

A comparison of flow-weighted and area-weighted instantaneous-load compu 
tations was made to determine if it was necessary to make velocity measure 
ments. In all 'cases tested, there was less than a 10 percent difference between 
the load computed using flow weighting and area weighting; and thus throughout 
the study, area-weighted samples were collected. When the computations 
were made for cross-sectionally averaged concentrations, an area weighting 
procedure was used. Based on the results of this test, water velocity was 
not measured.

J^/The use of brand names in this report is for identification purposes only 
and does not constitute endorsement by the U.S. Geological Survey.
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Sampling at major stations

Each zone of the tidal Potomac River and Estuary presents different 
conditions that must be considered if a representative sample is to be ob 
tained. The point of freshwater inflow for the tidal Potomac River and 
Estuary is at Chain Bridge. The main channel at this cross section is a 
narrow canyon 49 m wide; this constriction insures thorough mixing. Because 
of high water velocity, samples were collected from the intake line of the 
water-quality monitor. The intake was 0.7 m below the low-water stage and 
about 2.5 m from the right bank. When the monitor was not operating, a 
mid-channel surface samp.le was obtained.

The Potomac river at Alexandria has two channels, and each is well mixed. 
However, the effluent from the Blue Plains Sewage Treatment Plant does not 
disperse to each channel equally. Therefore, separate depth-integrated 
samples were taken from each channel.

At Quantico, the boundary between tidal-river and transition zones, 
there is only one channel ; samples for that cross section were collected 
from one vertical in this channel. For the periods when the dissolved-solid 
concentration was less than 2.0 0/00 (parts per thousand), and no stratifi 
cation existed, depth-integrated samples were collected; for periods when 
the dissolved-solids concentration was greater than 2.0 0/00, separate top 
and bottom point samples were obtained. During special studies in July 
and August of 1980 and 1981, depth-integrated samples were also collected 
from two or three verticals and composited.

In the lower end of the transition zone, and in the estuarine zone of the 
tidal Potomac River, specific-conductance gradients exist in the water column. 
To obtain representative samples here, separate top and bottom samples were 
collected and analyzed separately. For the Potomac River at Morgantown, Md., 
samples were collected as point samples taken from the water column in the 
main channel. In the estuarine zone of the tidal Potomac River, at Piney 
Point, top and bottom point samples were collected from specific sampling 
verticals in the cross section.

Sampling at intervening station_s_

Samples at the intervening stations were collected in the same manner 
as those at the nearest major station.

Longitudinal sampling

In general, each month a 2-to 3-day longitudinal sampling cruise was 
conducted between Potomac River at Memorial Bridge, or the 14th Street 
Bridge, Washington, D.C., and the Chesapeake Bay. During the cruise, 
samples were collected at all five major stations, the Chesapeake Bay 
stations and at most of the intervening stations.

Sampling equipment

Equipment for estuarine water-quality sampling must be suited for 
unsteady and non-homogeneous flow conditions. The selection of samplers

- 12 -



for a particular station was based on the flow characteristics and the 
dissolved-solids concentration at that station and the type of boat used 
for sampling. The following paragraphs describe the samplers used.

The Van Dorn and Niskin samplers are open cylinders having spring-loaded 
stoppers at each end. These samplers are lowered, open, to the sampling 
depth. The stoppers are triggered, and the captured water is then brought 
into the boat and distributed into the sample containers. These are point 
samplers, which are designed for use in still waters and may be used in 
flowing water if the sampling vessel is drifting with the current. In its 
usual vertical configuration, the length of the cylinder causes the sample 
to be representative of an 0.8-m depth interval.

The bag sampler (Stevens and others, 1980) is a depth-integrating sampler 
for use in flowing water and requires that the sampling platform be stationary, 
This sampler consists of a metal frame into which an air evacuated plastic 
bag is inserted and connected to a nozzle. The depth limitation of this 
sampler is determined by the size of the nozzle and the velocity of the 
water. These determine the time needed to fill the bag, which must be less 
than the time required to traverse the water column. In cold water and at 
low velocities, the bag does not fill.

An open bottle with a vent tube was used to collect depth-integrated sam 
ples. This sampler consists of a weighted, capped 4-L bottle. The cap has an 
8-mm-diameter hole in it, and the bottle has a hole in its shoulder. The hole 
in the shoulder is fitted with a 4-mm-diameter tube that extends about 150-mm 
above the bottle cap. This arrangement allows air to escape from the tube 
and water to flow smoothly into the bottle through the hole in the cap. 
This sampler may be used when water velocities do not exceed 0.3 m/s and 
may be used in faster flowing water if the sampling vessel is drifting with 
the current.

The pumping sampler is a point sampler that consists of an intake hose, 
a shipboard pump or submersible pump, and a discharge hose. The shipboard 
pump was a Teel compact marine-utility pump. The intake and discharge hose 
used with this pump was a 19-mm inside diameter garden hose. The submersible 
pump was a Gould 1/2-horsepower, 100-mm-diameter pump. The discharge hose 
used with this pump was a 25-mm-inside-diameter garden hose. The pumping 
rates for the shipboard pump and the submersible pump were respectively 17.7 
liters per minute and 37.9 liters per minute. The discharge from the pump 
is routed first into a manifold, which contains sensors that measure dis 
solved oxygen, specific conductance, pH and temperature, and then through the 
discharge hose from which samples may be collected. This sampler can be 
used to sample flowing or still waters. Care must be taken to insure that 
the sampling hose is shaded from the sun and that hose connections are 
tight to prevent alteration of the sample as it is being collected. Sam 
ples for biochemical oxygen demand were always obtained from the depth 
integrated or point sample, never from the pumping system.

In-situ measurements

A Secchi disk was used to measure water transparency. In 1979, a 
Hydrolab Surveyer 6 and, in 1980 and 1981, a Hydrolab Digital 4041 water-
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quality measurement system was used to measure dissolved oxygen, pH, tem 
perature and specific conductance. The water-quality-measurement system 
was calibrated before and after use and was checked periodically against 
laboratory standards. The Hydrolab-system measurements were made at points 
at which water samples were collected and at several other intermediate points 
in the water column. In-situ measurements were also made at sites along the 
major station cross sections other than those from which water-quality samples 
were collected. A summary of the types and dates of samplers used is as follows

Potomac River 
Chain Bridge:

at

Tidal river zone: 
(including Potomac 
River at Quantico)

Transition zone: 
(including Potomac 
River at Quantico)

Estuarine zone:

Monitor intake or open bottle 
with vent tube

Bag sampler September 1978 through July 1979. 
Open bottle with vent tube June 1979 through 
September 1981

For dissolved solids < 2.0 (0/00), open bottle
with vent tube
For dissolved solids > 2.0 (0/00), Niskin bottle

Niskin bottle

METHOD OF SAMPLE ANALYSIS

Bacterial

Fecal coliform densities were determined by the membrane filter (MF) 
method using m-FC agar without rosolic acid as described in American Public 
Health Association and others (1975). A further discussion and comparison of 
this method is presented by Grabow and others (1981). This method is essen 
tially identical to that presented by Greeson and others (1977).

Fecal-streptococcus densities were determined by the MF method using KF 
streptococcus agar, described in American Public Health Association and 
others (1975). This method is essentially identical to that presented by 
Greeson and others (1977).

Samples for bacterial analysis were aliquots of the depth-integrated 
composited samples collected for nutrient analysis. The 200-mL (millilHer) 
aliquots were placed in sterile whirl-pack bags and stored on ice in the 
dark until analysis. The samples were usually plated and incubated within 
six hours of collection. Each sample was plated at a minimum of two dilutions 
and each dilution was done in duplicate. The densities reported represent 
the mean of at least two plates.

Biochemical oxygen demand

The BOD values were determined by the U.S. Geological Survey, Reston, 
Va. The BOD samples were aliquots of samples that were sent to the Central 
Laboratory of the U.S. Geological Survey, Atlanta, Ga., for nutrient analysis.
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These nutrient analyses are listed in the 1979, 1980, and 1981 Hydrologic 
Data Reports. In some cases, BOD samples were collected without a corres 
ponding nutrient analyses.

The BOD values of oxygen-demand and specific-rate constants were deter 
mined on the bases of a time series of 8 to 15 polargraphic dissolved-oxygen 
oxygen measurements on undiluted aerated samples that were incubated for 
about 20 days in the dark at 20 °C, or on rare occasions 24 °C. After col 
lection, samples for BOD analyses were placed in 1-L plastic bottles which 
were chilled on ice and kept in the dark at 4 °C until analysis. For greater 
than 80 percent of the samples, the BOD analyses were begun within 24 hours 
of collection. Usually two subsamples were incubated. In one, nitrification 
was inhibited with ATU (l-Allyl-2-thiourea) or after May 1979 with nitrapyrin, 
TCMP (2 chloro-6) (Trichloromethyl) (l-Allyl-2-thiourea) pyridine. The 
other subsample was an unaltered whole-water sample. The sample DO concen 
tration was adjusted to approximately 8 mg/L (milligrams per liter) at the 
start of the analysis. The samples were reaerated when the DO would be 
less than 2 mg/L at the next scheduled observation time.

A more detailed description of the method can be requested from PES group 
(W. E. Webb, U.S. Geological Survey, National Center, MS 430, Reston, VA 
22092, written commun., January 1983).

BOD and rate constants listed in the following tabulation were measured 
during the project and are presented in this report.

WATSTORE 
Name parameter code

Oxygen demand, immediate (mg/L) 00302
Oxygen demand, biochemical carbon, days lag time 82135
Deoxygenation carbon KI to base e per day at 20 °C (KC) 82133 
Oxygen demand, biochemical ult. carbonaceous (mg/L) (UCBOD) 00320
Oxygen demand, biochemical Nitrog. days lag time (TN) 82136
Deoxygenation Nitrog. Kj_ to base e per day at 20 °C (KN) 82132
Oxygen demand, biochemical Nitrog. ult. (mg/L) (UNBOD) 00321
Oxygen demand, biochemical uninhib ult. (mg/L) (UBOD) 00319
Deoxygenation constant to KI to base e per day (K]) 00325

Values of BOD and specific-rate constants were calculated from a computer 
generated non-linear least-squares fit program with the form L = LQ (1 - e"k lt 
where L is the BOD at anytime T in days and the ultimate demand is L0 and the 
rate is K-J per day. BOD parameters for the inhibited sample were calculated 
first. Most of these samples had little or no initial demand, lag time, or 
evidence of nitrification. However, for about 20 percent of the samples, the 
calculation of BOD and K^ was based on forcing the curve so that the initial 
demand and lag time were zero. In most of these instances, the least-squares 
fit of the ultimate carbon BOD and decay rate were used. The result is 
that some zero values of lag time and initial demand are questionable.
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The program plotted the computed fit along with the data on a video dis 
play terminal. Quality of non-linear least-squares fit was judged by visual 
comparison of observations to the computed curve shown on the graphics terminal 
If in the opinion of the analyst the fit was not reasonable, the analyst could 
refit the curve with selected DO observations omitted or enter a specific-rate 
constant to see how it matched the observed data.

Three conditions necessitated the editing of the DO data. First, when a 
delay occurred in the onset of the biochemical oxygen demand, the least-square 
fit was made to positive demand; the intercept (T=0) and carbon lag time were 
calculated. Second, when samples were inhibited with ATU, the data after 13 
days were omitted because after this time ATU seemed unable to continue to 
inhibit nitrification. Third, one analyst obtained DO values that appeared to 
be about 0.5 mg/L too low on the final reading for some samples. For these 
analyses the final DO readings were ignored.

It is estimated that about 40 percent of the analyses had one DO obser 
vation omitted from consideration, and less than ten percent of the analyses 
had two or more observations omitted.

After BOD values were calculated for the nitrification-inhibited samples, 
the data for the untreated sample were analyzed by plotting the ultimate car 
bonaceous BOD curve for th'e specific-rate constant (KC) of the inhibited 
sample on the screen with the data from the untreated sample. If the ob 
servations for the carbonaceous BOD of the untreated sample were consistant 
with the calculated BOD curve for the inhibited sample, a second least-squares 
fit of the same form was determined for the nitrogenous BOD. For more than 
95 percent of the sample pairs, data from the inhibited sample were used 
with the untreated sample. The program computed the nitrogenous deoxyge- 
nation rate constant (KM) and ultimate oxygen demand for the UNBOD (ultimate 
nitrogenous biochemical oxygen demand), based on the oxygen used in excess of 
the oxygen use computed for the carbonaceous BOD curve.

The following procedure was used when reporting values calculated from 
the BOD analyses. Initial oxygen demand and lag time for the onset of carbon 
aceous BOD was recorded. The specific-rate constant for carbonaceous BOD 
(KC) was recorded when an inhibited sample was analyzed. If there was no 
inhibited sample, KC was recorded if there was good evidence for both carbon 
aceous and nitrogenous BOD on the dissolved oxygen versus time plot. The 
value for KC was not adjusted for the temperature of incubation in those few 
cases when the sample was incubated at 24 °C. The UCBOD (ultimate carbonaceous 
biochemical oxygen demand) was recorded using the same procedure as for KC. 
Lag time TN for onset of UNBOD was recorded only when there was evidence for 
nitrogenous BOD. For some samples the inhibited and the uninhibited samples 
were almost identical in their oxygen use and rate suggesting no NH3 (ammonia) 
and no value was recorded for TN. The KN was calculated only if there were 
three or more DO observations indicating a nitrogenous oxygen demand. KN 
was reported using the same procedure for the TN, except that when there was 
no evidence for nitrogenous oxygen demand, KN was recorded as zero. The 
UNBOD was recorded using the same procedure used for KN. The UBOD (ultimate 
uninhibited BOD) reported is the sum of the initial demand plus UNBOD plus 
the UCBOD or in instances where no inhibited sample was run, it is the
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ultimate for the uninhibited sample. UBOD for all uninhibited samples was 
generally reported. The KI (specific-rate constant) for the uninhibited 
BOD was recorded only when there was no inhibited sample run and no evi 
dence for nitrogenous BOD.

The accuracy of the DO concentrations are estimated to be within ± 0.1 
mg/L. If a DO measurement was equal to or higher than the previous observation, 
it was repeated using a second instrument. Two or four YSI DO meters and 
self-stirring probes were used concurrently. These instruments were compared 
in air-saturated water after every four to six DO measurements and reset 
to saturation if the observations were more than 0.2 mg/L different be 
tween instruments, or if they had drifted more than 0.2 mg/L from DO satur 
ation.

Replicate samples were analyzed to assess the reproducibility of the 
methodology. First, x (mean) of the replicates was calculated. The 
means were plotted against the replicate values. These plots indicated 
no significant variation in scatter through the range of observations. 
Therefore, the a (standard deviation) for all replicates could be used as 
an indicator of reproducibility for this methodology. The results are 
summarized below.

BOD-value Unit Range Number of 
paramater observations

KC per day base e 0.04-.43 160 0.03
TN day 4-14 123 1.23

UNBOD mg/L 0-17 123 1.44

For UCBOD and KN there was a significant variation in the scatter through 
the range of observations. In these cases a was calculated in two parts.

BOD value Unit Range Number of a
observations

UBOD mg/L 2-33 29 for I > 22 2.00
130 for x <_ 22 .82

KN per day 0.1-.08 88 for x^ < .45 .10
base e 35 for x > .45 .29

Chlorophyll-a

Chlorophyll-a and pheophytin analyses were based on the fluorometric 
acetone-extraction method. The collection and analysis procedure is described 
in detail in Blanchard and Coupe (1982, pp. 13-17).
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Incident light

Incident light was measured using LI-COR, Inc., model LI 185B Quantum 
photometer with cosine-response sensor sensitive to light in wave lengths 
from 400 to 700 nanometers. The sensor, permanently mounted in a weighted 
cylindrical holder, was placed on an unshaded portion of the boat deck for 
incident light readings. The boat deck was between 0.5 and 1.5 m above the 
water surface.

The reproducibility of the incident-light measurements depended on the 
weather. On days when there were small mobile clouds, the incident light 
could easily change from 1,500 to 1,000 microeinsteins per m^/s in less 
than one minute. When several photometers were used, the difference in any 
two readings was less than 10 percent of the average of the observed values.

Light attenuation

Depth to 1 percent and 50 percent of the incident light was measured 
using a calibrated rope to lower the sensor and holder over the sunny side 
of the boat to the depth at which the photometer read 1 percent or 50 
percent of the incident light.

Reproducibility of the depth to 50 percent light was less than 0.5 ft 
based on the authors' field experience. However, the depth to 50 percent 
light was usually between 0.5 and 0.8 ft. Thus, the relative error in the 
depth measurement is large. Reproducibility of the depth to 1 percent 
light was about 0.5 ft. Because the depth to 1 percent light was about 4 
to 6 ft, the relative error in this depth measurement was about 10 percent 
when the incident light was not changing rapidly.

The light data was collected at verticals and was recorded at the time 
assigned to the shallowest field-measurement values. Magnitudes for the 
arithmetic average, of incident light, depth to 1 percent of incident light, 
and secchi depth presented in this report were recorded at the time assigned 
to the depth integrated composited sample.

AIDS FOR USING THE DATA 

Time

Eastern Standard Time applies during the periods from October 29, 1978 
at 0200 hours, through April 29, 1979, at 0200 hours, from October 28, 1979 
at 0200 hours, through April 27, 1980 at 0200 hours, and from October 26, 
1980, at 0200 hours through April 26, 1981, at 0200 hours. For all other 
periods during these water years, times are Eastern Daylight Savings Time.

Sampling depth

The sampling depths were measured by markings on a cable or from a 
dial on a calibrated reel-cable system. Sampling depths are reported to 
the nearest 0.1 ft and Secchi disk depth to the nearest in. Samples that 
appear in the data tables without depths are depth-integrated samples,
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except those from Chain Bridge, where samples are always from the surface 
or from the fixed intake line of the water-quality monitor.

PJl

All of the pH values that appear in this report are about 0.5 units 
low due to a defect in the pH-electrode measuring system in the field equip 
ment. It is the authors' opinion that, after adding 0.5 to the pH values, 
the field observations are precise within ± 0.2 pH unit.

Sample location

Transverse locations of sampling are measured from left bank looking 
downstream. Composite samples are indicated with a fictitious distance from 
left bank; for example, 30,000, 40,000, or 50,000 feet.

Dissolved oxygen

Dissolved oxygen concentrations are corrected for salinity by tables for 
oxygen saturation of seawater developed by Green and Carritt (1967).

Missing data

Missing data in the data tables is shown by a dashed line.

Blue Plains Sewage Treatment Plant

During 1979, the data from this station represents composite samples of 
the secondary chlorinated effluent. During 1980, the data from this station 
represents samples of the chlorinated effluent of the sewage treatment plant. 
The effluent is discharged into the river throught two outfalls. The first 
outfall is primary treated effluent and appears in the data tables with a time 
of 0001. The second outfall is secondary treated effluent and appears in the 
data tables with a time of 0002. All samples are 24 hour composite samples 
unless they appear with a time of day; these samples are instantaneous grab 
samples from the secondary treated outfall.

In 1981, the data from this station represent samples of the chlor 
inated effluent. The first outfall (001) discharges primary effluent and 
is listed under station ID number 384852077014001; the second outfall (002) 
discharges secondary effluent and is listed under station ID number 
384852077014002. All samples are 24-hour composites unless they appear 
with a time of day; these samples are grab samples from outfall 002.

Parameter codes

Each column heading in Appendix A and Appendix B has a corresponding 
number used in the U.S. Geological Survey National Water Data Storage and 
Retrieval System (WATSTORE) to reference parameters related to water quality 
(Hutchison, 1975).
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Remarks
»

The value for each water-quality parameter may be qualified by a remark. 
The remark and the corresponding symbol that may be printed in the data 
tables are listed below.

Symbol Remark

< Actual value is known to be less
than the value shown, except when used 
in connection with phytoplankton 
counts. Then it represents a count 
done by Kirn Boulukos.

> Actual value is known to be greater
than the value shown, except when used 
in connection with phytoplankton 
counts. Then it represents a count 
done by Wapora, Inc.

Computation of cross-sectional average concentrations

Area-weighted cross-sectionally averaged values for dissolved oxygen, 
pH, specific conductance, temperature, and chlorophyll-a corrected for pheo- 
phytin were computed for use in data analysis with the nutrient and other 
constituent concentrations from depth-integrated composited water samples. 
Values were only computed for stations upstream of Quantico, the reach 
primarily sampled using the depth-integrating compositing procedure. To 
compute the area-weighted pH value, pH values were converted to hydrogen-ion 
concentration. The depth-integrated composited sample time was assigned to 
the average values. The average dissolved-oxygen values correspond to 
parameter code 90300, the pH values to parameter code 90400, the specific- 
conductance values to parameter code 90094, and the temperature values to 
parameter code 90010. The averaged chlorophyll values were computed when no 
depth-integrated composited sample was analyzed for chlorophyll. The average 
values for chlorophyll-a corrected correspond to parameter code 92209, for 
pheophytin to parameter code 92213, and for chlorophyl1-a uncorrected to 
parameter code 92217. Cross-sectionally averaged values were compared to 
values measured in the depth-integrated composited samples using regression 
analysis. For example, conductivity was measured at the U.S. Geological 
Survey's Atlanta Central Laboratory and reported as specific conductance, 
parameter code 90095. For 339 samples over a range of specific conductance 
from 141 to about 2,000 micromhos, the r^ (correlation coefficient) was 
greater than 0.90 for each of the tidal-river stations. The slope of the 
relation between the average computed and the laboratory observed values 
was 1.0 ± .1 for each of the 10 tidal-river stations.

A similar comparison was made for chlorophyl1-a corrected. For 369 
samples over a range of chlorophyll-a from 2 to 90 micrograms per liter, r^ 
was greater than 0.86 for each of the 10 tidal-river stations. The slope
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of the relation between the observed chlorophyll-a and the cross-sectionally 
averaged value was 0.95 + 0.1 for the 10 stations.

Arithmetic averages of observed Secchi depth, light to one percent and 
incident light, were calculated for times when depth-integrated composited 
samples were collected at stations upstream of Quantico. They are listed 
with the depth-integrated sample time in Appendix B.

Phytoplankton

Phytoplankton enumeration and identification procedures can be obtained 
from the PES group (R. R. H. Cohen, U.S. Geological Survey, National Center 
MS 430, Reston, VA 22092, written commun., January 1983). Phytoplankton 
counts are marked in this report and the WATSTORE file to identify the 
analyst. There were predictable differences in counts of duplicates between 
analysts. Counts with no sign were done by VAS (V.A. Stoelzel); those done 
by KEB (K.E. Boulukos) are marked with a less-than sign (<) ; those done by 
WAP (WAPORA, Inc.) with a greater-than sign (>).

For samples collected at Quantico and upstream, where the water was usu 
ally fresh, the equations of the linear least-squares fit of all duplicate 
counts are:

VAS = 3100 + 0.57 KEB r 2 = 0.46 N = 40 
VAS = 15000 + 0.85 WAP r 2 = 0.35 N = 38

For samples downstream from Quantico the equations are:

VAS = 2600 + 
VAS = 3700 +

0.61 KEB r 2 = 0.41 N = 13 
1.7 WAP r 2 = 0.77 N = 11

The general procedure used was inverted microscopic examination of eight 
grids of a 5 ml subsample of lugol-preserved 250 ml field sample (Utermohl, 
1958).

VAS counts have a precision of approximately 6,000 cells/ml regardless 
of the cell concentration. This precision is the arithmetic mean of the 
difference of inadvertent duplicate analyses of 23 freshwater samples. 
Regression analysis between inadvertent duplicate counts and total cells/mL 
showed no relationship (r 2 = 0.09, N = 23). Inadvertent duplicates were 
used to examine counting precision because they were similar to blind sam 
ples and included the problem of cell degredation with time. For samples 
collected at Quantico and upstream, the equation of the linear least squares 
fit of VAS duplicate counts is:

VAS (second count) = 0.966 VAS (first count) - 790 where r 2 = 0.73 N = 37

For samples collected downstream from Quantico from water that was usually 
brackish or saline, the equation is:

VAS (second count) = 0.867 VAS (first count) - 4,300 where r 2 = 0.73 N = 56
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Most samples were counted from one to six months after collection. Most 
of the duplicates were analyzed several months apart. There was an average 
degredation of 350 cells/mL/month; however, 30 percent of the duplicates were 
analyzed to have more cells in the second analysis. The precision of the 
WAR and KEB counts is probably similar in percent to the VAS counts.

Tidal-river volumes

Volumes that could be used to compute the mass of a constituent in the 
tidal river are listed in tables 1 and 2. The information in these tables 
is calculated from volume data presented by Cronin (1971).

To approximate the volume of the river, the inter-tidal volume was halved 
for each nmi and added to the mean low-water volume for that nmi. The bound 
ary between the tidal river and its tributaries used, is that found in Cronin 
(1971).

Sewage-treatment-plant loads

The STP (sewage-treatment-plant) loads reported in Appendix C are in 
metric tons per month. Flow is reported as the monthly average in m^/s. 
Blue Plains STP loads are the sum of outfalls 001 and 002 discharges.

Reach 1 sewage-treatment-plant load is the load from the 22 Mgal/d 
Arlington STP. A reasonable location to apply this load is at KM174 (km 
174) near Giesboro Point (the actual discharge is into Four Mile Run).

Reach 2 sewage-treatment-plants load is the sum of the effluent loads 
from the 29 Mgal/d Alexandria STP which discharges into Cameron Run, the 4 
Mgal/d Little Hunting Creek STP, the 14 Mgal/d Piscataway Creek STP which 
discharges into Piscataway Creek and the 6 Mgal/d Westgate STP which operated 
through water year 1980. A location to apply this load is at KM165; this 
location is near the centroid of the effluent flow.

Reach 3 sewage-treatment-plants load is the sum of the effluent loads 
from the 22 Mgal/d lower Potomac STP that discharges into the head of Gunston 
Cove, the 7 Mgal/d Mooney STP that began operation in 1981 water year and 
discharges into Occoquan Bay and the 3 Mgal/d Dogue Creek STP that operated 
till August 1980. A location to apply this load is at KM144.

The reaches and Blue Plains monthly loads are computed as the sum of 
the loads from the individual STP as reported on their National Pollution 
Discharge Elimination System Reports. When a constituent concentration was 
missing, load-weighted, monthly average concentration for that calender year 
was multiplied times that month's flow and reported as the months load. When 
a monthly concentration and flow was missing, the monthly load reported was 
the average of the reported monthly loads for that calender year. TP 
(total phosphorus) loads were available for most plants and times, and 
dissolved-phosphorus loads were computed as 55 percent of the TP load for 
that month, except for Reach 1, where 90 percent was used. This division 
of loads was based on analyses by the Virginia State Water Control Board 
and the U.S. Geological Survey.
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The PEM (Potomac Eutrophication Model) report prepared for Metropolitan 
Washington Council of Governments (Thomann and Fitzpatrick, 1982) gives 
the concentration of total phosphorus as: 65 percent dissolved inorganic 
phosphorus, 32 percent particulate organic phosphorus and 3 percent as 
dissolved organic phosphorus.

Suspended-solids loads were available for most plants and times.

Total KJD (Kjeldhal, nitrogen ammonia + organic), NH3, N02 + N03 (as N) 
concentrations were reported by Blue Plains STP. For the reaches, flow-weighted 
concentrations of nitrogen species were computed for each reach for the 1979, 
1980, and the 1981 water years. The concentrations for the reaches were 
based on analyses by the Virginia State Water Control Board and the U.S. 
Geological Survey and reports from some plants. The reach and concentrations 
values are shown in Appendix C. These values are reasonably consistant with 
information presented in the PEM documentation draft. Loads for dissolved 
KJD were not computed because the available data and reports from other 
agencies showed no consistant pattern among the concentrations of total 
KJD, dissolved KJD and NH 3 .

Dissolved and total NH3 could not be distinguished in river samples using 
the U.S. Geological Survey's Central Laboratory results or measurements done in 
Reston using a selective-ion electrode. Therefore, all NH3 values are reported 
as dissolved.

The silica loads were calculated from concentrations in effluent samples 
collected by the U.S. Geological Survey during summer low flow, and they may 
be higher than concentrations typical of winter conditions when the Potomac 
River near Little Falls frequently has lower silica concentrations.

Sampling bias

There is a minor sampling bias in the depth-integrated composited sam 
ples collected during the summer low flow (July and August, 1980 and 1981). 
The volume of water sampled had proportionaly more water from depths greater 
than 15 feet and less from depths above 5 feet than was determined for the 
river cross-sections sampled. For parameters with vertical gradients, the 
sampling bias may have caused an unrepresentative sample to be collected. 
The percent volumes of each 5-foot depth interval in the river and in the 
sample are shown in table 3 for each station.

Examination of the horizontal variation in concentrations shows that 
there could be equal or greater random horizontal-concentration effect on 
the sample concentration than that caused by the sample bias due to the depth 
sampling problem.
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Appendix C

Table C-6--Silica and nitrogen-specie concentrations used to compute loads

[mg/L]

Reach

1

1

2

2

3

3

Water
year

1979 - 80

1981

1979 - 80

1981

1979 - 80

October 1980 to

Dissolved
nitrogen 
ammonia + 
organic 
(as N)

16

12

17

20

20

20

Dissolved
ammonia 
(as N)

14

9

13

16

16

16

Dissolved
nitrogen 
N02 + N03 
(as N)

2

6

1.5

3.3

2

2

Dissolved
silica 
(as SI0 2 )

13

13

13

13

13

13
January 1981

February 1981 to 
September 1981

Blue Plains 1979 - 80 

Blue Plains 1981

16 12 6 13

9.7 

9.7
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